ZOOLOGIA 26 (4): 739-746, December, 2009 mm in length and the opercular crown is formed by three distinct series of paleae (AMARAL 1987 , KIRTLEY 1994 . This species has a wide distribution in the Americas, occurring from Cape Canaveral in the U.S.A. to the state of Santa Catarina, in Brazil. Considering that an extensive geographical distribution may be associated with a complex of morphologically similar species and that sabellariids are constructors of large reef aggregates which serve as substrates to other species, it is crucial to study the population dynamics of the present species. However, obtaining data on size and age-class distribution is difficult in these organisms, and it is an impossible task to be accomplished without previous investigations on the variables correlated to total length. Hence, to enable future population studies, the main objective of the present study was to determine the best morphological measure to describe the total length of P. caudata by comparing different populations.
MATERIAL AND METHODS
The present study was based on previously collected material from four regions of the Brazilian coastline. In each region, 30 specimens were selected, for a total of 120 examined individuals. The study comprised two populations from the state of Rio de Janeiro: Praia Grande, in Ilha da Marambaia (1), and Ibicuí, in Mangaratiba (2); one population from state of São Paulo: Praia da Fazenda in Ubatuba, Project Biota -Fapesp (3); and one population from state of Paraná: Praia da Gruta, Ilha do Mel (4) (Fig. 1) . Only individuals from population 4 were anesthetized after collection. A total of 17 morphometric measurements were obtained using an ocular micrometer attached to a stereoscopic microscope (Tab. I and Figs 2-5). For each specimen, the mean of three paleae of each series was used as one of the parameters . Chaetae were mounted on permanent slides using Gray & Wess (PVA) (HUMASON 1979) and the specimens were maintained in individually labelled vials for reference.
Measurements were converted to millimetres and logtransformed. Normality was tested using a t-test (one-sample) at 95% confidence level for each variable and locality. After assessing departures from normality, variables were analysed by Pearson's correlation tests (VIEIRA 1991) to determine which variables had the highest correlation with total length. The same statistical analysis applied to individual populations was carried out to all the specimens.
A multivariate analysis of variance (MANOVA) was used initially to test the hypothesis of morphometric differences among populations. Subsequently, a principal component analysis (PCA) of the covariance matrix of all variables -was per- formed to ordinate the data and to visualise possible differences between populations. Results from the first two components were tested using a discriminant analysis. All statistical analyses were performed using the statistical software SYSTAT 8.0.
RESULTS
The log-transformed values of the measurements showed a normal distribution which was confirmed by the t-test (SOKAL & ROHLF 1995) . The correlation coefficients of total length and the measurements of the structures are shown in table II, together with their respective significance values. Significant values were observed for abdominal length in population 1; abdominal, caudal and thoracic length in population 2; abdominal, caudal, first thoracic chaetiger and outer palea length in population 4, in which the first three measurements had the highest correlation values. In population 3, the highest correlation coefficients were thoracic length, abdominal length and first abdominal chaetiger length. Furthermore, the following measurements also presented significant values: parathorax length, caudal length, first thoracic chaetiger length and outer palea length (Tab. II).
When all populations were analysed together, only the width of the parathoracic median chaetiger, the width of first thoracic chaetiger and width of the first abdominal chaetiger did not correlate significantly with body length. The highest Factor (1) Factor (2) Ibicui Marambaia Ilha do Mel Ubatuba coefficients were observed for abdominal length, caudal length, first thoracic chaetiger length, and thoracic length (Tab. II). Morphometric variation was significantly different amongst the four studied populations (MANOVA, Wilks' = 0.013, F statistic = 18.077, df = 54 295, p < = 0.0001), a result that was corroborated by the PCA. The scores of the populations in the first two principal components were used in a discriminant analysis and the result was highly significant (Wilks' = 0.2080, df = 2 3 116, p = < 0.0001). The principal components and their corresponding variances are shown in table III. The graphical representation of the PCA indicates that the population of Ibicuí is different in size (component 1) and shape (component 2) when compared to populations from other localities (Fig. 9) . Given that PC1 explained more than 51% of the variation in the dataset and that most loadings were positive, one can infer that it represents size (only the variable "width of the parathoracic median chaetiger" showed negative loading, although weakly). The PC2, however, presented positive and negative loadings, which suggests differences in shape (allometric component) (ELSTROTT & IRSCHICK 2004 , FRANÇA et al. 2008 . The loadings from the PC2 (accounting for less than 15% of total variance) are more dissimilar amongst themselves compared to the first component. These results suggest that the body size has higher influence than shape in the studied populations. Figure 10 shows the linear regression of length of first thoracic chaetiger and total size in P. caudata and the total length. The relationship is significant and positive (d.f. = 1, r = 0.734, p < 0.001). Moreover, the relationship between the length of first thoracic chaetiger and the corresponding PC1 score were tested and found significant (d.f. = 1, r = 0.704, p < 0.001), and corroborating its choice as a proxy for body length.
DISCUSSION
The variable chosen as the best descriptor of total length of the body of P. caudata is the length of the first thoracic chaetiger. This conclusion was based on the results of the correlation analyses with the total length of the body, the low chance of rupture or deformation of the body during manipulation and fixation, the anterior position on the body of the animal and the scores obtained in the PCA.
Although the length of the abdominal and caudal appendage correlated strongly in all sampled populations, such structures presented low resistance to the collection, sorting and fixation processes. These parts are generally damaged, and therefore are not good descriptors of size. In a study of L. acuta, OMENA & AMARAL (2001) have also recommended that posterior regions should not be used as morphometric parameters, as they can easily break during sampling and sorting processes.
Rigid body structures are often used to estimate polychaete size due to (1) their non-deformation quality during methodological procedures, (2) their great importance in studies on trophic relationships, and (3) because they are found in stomach content of predators (CHAMBERS & MILNE 1975 , GILLET 1990 , FAUCHALD 1991 . Nevertheless, in the present study, only the outer palea showed correlate significantly with body length for population 3 and 4, which were very low. A similar pattern was observed for the overall data with all populations. In addi- tion, these structures require a long time to manipulate and to mount before the measurements can be obtained and suffer constant wearing by the activity of the animal in the tube. Despite their frequent use by several authors (CARON et al. 1995 , OMENA & AMARAL 2001 , SANTOS 1994 , SARDÁ & MARTIN 1993 , SEITZ & SCAFFNER 1995 , width measurements did not correlate significantly with body length, both when populations were analyzed separately and in the combined dataset, and are not adequate for estimating the length of P. caudata.
Anterior regions have been used as good descriptors due to their rigidity. These structures in some species of polychaete do not deform when subject to the methodological procedures such as anaesthesia and fixation, thus allowing for rapid and simple manipulation. COSTA-PAIVA et al. (2007) , in a study of Branchiomma luctuosum (Grube, 1869) showed that the length of first chaetiger does not present deformations when subject to different treatments of anaesthetization and fixation, suggesting a common pattern for the whole family Sabellidae and other families of the order Sabellida. FAUCHALD (1991) showed that, in the case of eunicid polychaetes, many of the anterior segments displayed high correlation with total length, and suggested the use of this measurement to estimate their size. RIBEIRO et al. (2001) , in a morphometric study Armandia (Filippi, 1861), indicated that prostomium length was highly correlated to total length. SEITZ & SCHAFFNER (1995) suggested use of the maximum width of the prostomium for L. medusa as a proxy for body length, given that this measurement had the highest correlation with dry weight. COSTA-PAIVA & PAIVA (2007) found that peristomium width and palp length were the most efficient variables for estimating body size in Eunice. In the present study, the thoracic length showed high coefficient for populations 2 and 3 and the length of the first thoracic chaetiger showed one of the highest correlations for population 4 as well as for the the combined dataset with all populations.
In a study on L. acuta, OMENA & AMARAL (2001) detected a pattern that is expected in organisms that grow by means of increase of segments, such as polychaetes, namely to grow proportionally more in length than in weight. Furthermore, the same authors observed that the anterior portion of the body is the major contributor of the total weight compared to the remaining segments. In P. caudata, the first PC accounted for more than 50% of the variation in the dataset, which also dem- onstrate the existence of this pattern in the present species. Another important characteristic in the biology of sabelariids is, according to KIRTLEY (1994) , the ability to control the increase in the number of abdominal segments according to environmental limitations such as the lack of material to construct tubes. Consequently, body size could strongly influence the total size of this species. Although the amplitude of ontogenetic variation of the present data is unknown, results of the PCA suggest that the shape of the individual is of limited value to describe the intraspecific morphometric variation of the species when compared to size. Given that populations showed significant morphometric differentiation, one cannot determine a single measure for estimating the length of P. caudata in all populations along the Brazilian coast. Alternatively, one of the estimated measures could be used, yet one must take into account the fact that the value may vary in different populations. In addition to being one of the variables with highest correlation to the total length in almost all populations, the length of the first thoracic chaetiger is easily obtained and suffer little deformation in many polychaetes. Considering these qualities, we suggest that this measurement can be safely used to monitor populations of P. caudata.
